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reconstitution of the memory CD4 T cell pool seems toThymic Output and HIV Infection:
be limited after depletion and is critically dependent onOn the Right TREC input from the naive T cell pool and, consequently, the
thymus. In contrast, the more robust memory CD8 T cell
pool seems able to maintain itself after lymphopenia
with less reliance on the thymus-naive T cell axis. It isThe role of the thymus in HIV infection has been a
this difference in homeostatic mechanisms that governmatter of considerable debate. A new study by Dion
CD4 and CD8 T cell reconstitution that gives us the clueet al. (2004) in this issue of Immunity provides the
as to the mechanisms underlying CD4 T cell depletionmechanism for reduced thymic output in HIV infection
inHIV infection.Now,Dion and colleagueshave revisitedwhile illuminating the impact of recent thymic emi-
the issue of thymic function in HIV infection with angrants on peripheral T cell homeostasis.
elegant and important study that appears in this issue
of Immunity. Their results have significant implicationsConsidering that HIV infects CD4 T cells and the disease
not only for HIV pathogenesis and treatment, but alsois characterized by CD4 T cell loss, it is rather ironic
for understanding the dynamics of RTE. Their approachthat the mechanisms underlying CD4 T cell depletion in
is a methodological tour de force. They measured twoHIV infection have been the source of such controversy
types of TREC in peripheral T cells: those generatedover recent years. With the advent of antiretroviral ther-
early in thymocyte maturation during TCRBDJ locus re-apy (ART), the measurement of virus and T cell turnover
arrangement (TREC), and another, the original sjTREC(Ho et al., 1995; Wei et al., 1995) led to popular “tap and
generated at a later stage after many rounds of intra-drain” models of HIV pathogenesis in which CD4 T cells
thymic proliferation. Asmentioned above, TRECs do notwere being rapidly infected and killed, while their re-
replicate and so cellular TREC content decreases withplacement by proliferation or from a “source,” such as
cell division (Douek et al., 1998). Thus the ratio betweenthe thymus, was insufficient. However, it soon became
the two TRECs, which becomes fixed once the sjTRECclear that CD4 T cell death could not be explained by
is generated, is a directmeasure of intrathymic prolifera-direct HIV infection alone, as the frequency of infected
tion, which is in turn a primary determinant of thymiccells in blood is extraordinarily low, and ART does not
output (Almeida et al., 2001).immediately reduce the high death rates of CD4 T cells.
The major finding of this study is that the sj/TRECA new view emerged (Grossman et al., 2002) to replace
ratio in peripheral T cells decreases substantially in HIVthat of viral killing and T cell replacement. Instead, chronic
infection, indicating a significant reduction in intra-immune activation was responsible for the increased pro-
thymic proliferation and consequently thymic output.liferation and subsequent activation-induced cell death
Increased frequencies of TRECs within peripheralof both CD4 andCD8memory T cells, resulting indirectly
T cells suggest that direct killing of proliferating thymo-in the exhaustion of the naive T cell pools (although the
cytes by HIV is unlikely to account for their decreasedquestion still lingered as towhyCD4, but not CD8, T cells
proliferation. This should please advocates of HIV-inde-were so profoundly affected). A negative net balance in
pendent “bystander” mechanisms of CD4 T cell loss
death and replacement resulted in overall CD4 T cell
and certainly explains the paradox of how thymocytes
depletion and slow progression to AIDS.
could be depleted when they express little, if any, CCR5,
Support for the view that impairment of thymic func-
the predominant co-receptor for HIV. Whatever the mech-
tion plays a role in this imbalance (McCune, 2001) came anism (the authors accuse cytokines such as IFN), it
with the development of an assay to estimate thymic out- is clearly related to the presence of replicating virus, as
put. Intrathymic rearrangement of T cell receptor genes intrathymic proliferation normalizes with ART. The in-
leaves behind episomal DNA circles (TCR rearrange- creased frequencies of TRECs also indicate the exis-
ment excision circles or “TRECs”) that are not replicated tence of as yet unknownmechanisms that partially com-
upon cell division and persist in recent thymic emigrants pensate for reduced intrathymic proliferation, although
(RTE). One such circle (often referred to as the signal only in younger subjects and then only for a limited
joint [sj] TREC), produced by TCRD locus rearrange- period after infection. Consistent with this, the reduction
ment, is common to the majority of emigrant T cells, in peripheral sjTREC frequencies was less than propor-
and its quantification in peripheral blood T cells by PCR tional to that in the sj/TREC ratio. Importantly, the in-
formed the basis of the so-called TREC assay (Douek et creasing trend of peripheralTREC frequencies second-
al., 1998). A number of studies subsequently established ary to suppressed intrathymic production is theopposite
that thymic output continues into adulthood, is dimin- of what would be expected if a significant dilution effect,
ished in HIV infection, and can recover with ART. How- due to enhanced proliferation of naive T cells (Hazen-
ever, the role of thymic output and its inhibition by HIV berg et al., 2000), were at work.
was questioned when studies, interpreted with the help Most strikingly and in contrast to previous assump-
of mathematical modeling, suggested that reduced tions, thymic inhibition occurs rapidly, affecting periph-
TREC levels simply reflected their dilution secondary to eral TREC content substantially within 3 months after
increased proliferation within the naive T cell pool and infection. The importance of this point is paramount and
that TRECs were not an accurate reflection of thymic comes at a particularly opportune time with a thorough
output (Hazenberg et al., 2000). What had seemed to reappraisal of the mechanisms of HIV pathogenesis. It
make such biological sense withered under the gaze transpires that CD4 T cell depletion arises not just from
of mathematics. chronic immune activation. Recent studies show that
Yet it has long been recognized from hematopoietic during the first few weeks of infection there is a massive
loss of CD4 T cells from the mucosal surfaces, whichstemcell transplantation studies in humans that immune
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account for themajority of total bodyCD4Tcell numbers Daniel Douek
(Brenchley et al., 2004). It is under these circumstances Vaccine Research Center
of profound lymphopenia, as we know from studies in National Institutes of Health
transplantation, that maintenance of the memory CD4 40 Convent Drive, Room 3509
T cell pool relies heavily on thymic output, even though Bethesda, Maryland 20892
it may be attenuated by age. It is only under these cir-
cumstances that chronic immune activation can effect Selected Reading
further depletion of the CD4 T cell pool.
The paper also comes to two interesting conclusions Almeida, A.R., Borghans, J.A., and Freitas, A.A. (2001). J. Exp. Med.
194, 591–599.unrelated to HIV. First, the decline in thymic output with
age is related to a reduction in intrathymic proliferation Brenchley, J.M., Schacker, T.W., Ruff, L.E., Price, D.A., Taylor, J.H.,
Beilman, G.J., Nguyen, P.L., Khoruts, A., Larson, M., Haase, A.T.,rather than the total throughput of thymocytes, as only
and Douek, D.C. (2004). J. Exp. Med. 200, 749–759.peripheral sjTRECs, but notTRECs, are affected. Could
it be, therefore, that the thymus gets smaller as a result Dion, M.-L., Poulin, J.-F., Bordi, R., Sylvestre, M., Corsini, R., Kettaf,
N., Dalloul, A., Boulassel, M.-R., Debre´, P., Routy, J.-P., et al. (2004).of decreased thymocyte proliferation rather than the
Immunity 21, this issue, 757–768.other way round? Certainly this would seem to be con-
Douek, D.C., McFarland, R.D., Keiser, P.H., Gage, E.A., Massey,sistent with recent studies on the factors that maintain
J.M., Haynes, B.F., Polis, M.A., Haase, A.T., Feinberg, M.B., Sullivan,thymic size (Prockop and Petrie, 2004). Second, the
J.L., et al. (1998). Nature 396, 690–695.rapidity with which changes in thymic output appear to
Grossman, Z., Meier-Schellersheim,M., Sousa, A.E., Victorino, R.M.,affect peripheral TREC content suggests that RTE do
and Paul, W.E. (2002). Nat. Med. 8, 319–323.not mix substantially with resident, long-lived naive
Grossman, Z., Min, B., Meier-Schellersheim, M., and Paul, W.E.T cells and die if they are not promptly incorporated
(2004). Nat. Rev. Immunol. 4, 387–395.into this pool (Grossman et al., 2004). Thus, as well as
Hazenberg, M., Otto, S., Cohen Stuart, J., Verschuren, M., Borleffs,providing insight into the relationship between RTE and
J., Boucher, C., Coutinho, R., Lange, J., Rinke de Wit, T., Tsegaye,the naive T cell pool, these observations reaffirm the
A., et al. (2000). Nat. Med. 6, 1036–1042.interpretation that TREC levels are indeed a relatively
Ho, D.D., Neumann, A.U., Perelson, A.S., Chen, W., Leonard, J.M.,direct measure of thymic output and additionally sug-
and Markowitz, M. (1995). Nature 373, 123–126.gest that they are largely unaffected by peripheral cell
McCune, J.M. (2001). Nature 410, 974–979.division. Overall, these findings clarify several of the
issues that have complicated the interpretation of TREC Prockop, S.E., and Petrie, H.T. (2004). J. Immunol. 173, 1604–1611.
data and reassure us that we may continue to use this Wei, X., Ghosh, S., Taylor, M., Johnson, V., Emini, E., Deutsch, P.,
approach to investigate immune reconstitution in pa- Lifson, J., Bonhoeffer, S., Nowak, M., Hahn, B., et al. (1995). Nature
373, 117–122.tients.
